To evaluate the action of ascorbic acid on the healing of malnourished rats' cutaneous wounds compared with normal weight rats.
Action of ascorbic acid on the healing of malnourished rats' skin wounds 1 
Ação do ácido ascórbico na cicatrização de feridas cutâneas de ratos desnutridos

A B S T R A C T Objective
To evaluate the action of ascorbic acid on the healing of malnourished rats' cutaneous wounds compared with normal weight rats.
Methods
We used 92 adult, male Wistar rats divided into four groups: 24 normal weight rats given only water and chow; 24 normal weight rats given vitamin C by gavage (340 mg/kg 12/12 hours); 22 malnourished rats given only water and chow; and 22 malnourished rats given vitamin C by gavage (340 mg/kg 12/12 hours). Malnutrition was induced by feeding the animals half of their daily energy requirement for 30 days. Two incisions were made, one sutured (healing by primary intention) and one left unsutured (healing by secondary intention). The rats were euthanized on the third, seventh, and fourteenth days of the experiment.
Results
The following parameters differed significantly between the groups (p>0.05): granulation of the wound edge in the primary and secondary intention; extent of injuries on day 7 for primary intention and on day 3 for secondary intention; reepithelialization on day 7 for primary intention; fibrin-leukocyte scab on day 14 for primary intention; amount of neovascularization and concentration of macrophages, fibroblasts, and collagen fibers for primary and secondary intention.
Conclusion
The use of vitamin C in malnourished and normal weight rats increases fibroblast proliferation and collagen deposition in the tissue, which helps to improve healing both by primary and secondary intention.
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R E S U M O
Objetivo
Avaliar a ação do ácido ascórbico na cicatrização de feridas cutâneas de ratos desnutridos e de eutróficos.
Métodos
Utilizaram-se 92 ratos Wistar, adultos, machos, divididos em quatro grupos: 24 ratos eutróficos que receberam somente água e ração; 24 ratos eutróficos que receberam vitamina C por gavagem (340 mg/kg de 12/12 horas); 22 ratos desnutridos que receberam somente água e ração; 22 ratos desnutridos que receberam vitamina C por gavagem (340 mg/kg de 12/12 horas). A desnutrição foi realizada fornecendo-se aos animais metade da ração diária durante 30 dias. Realizaram-se duas incisões, uma suturada (cicatrização por 1ª intenção) e outra não suturada (cicatrização por 2ª intenção). Os ratos foram sacrificados no 3º (D3), 7º (D7) e 14º (D14) dia do experimento.
Resultados
Observou
I N T R O D U C T I O N
A chronic or complex wound may be an important source of morbidity in many individuals in critical condition or in patients with infection or pressure ulcers The factors that affect the healing process can be local (infection, foreign body, mechanical factors) and/or systemic (metabolic condition, nutrition, circulatory condition), and they may increase or reduce the scar. Hemodynamic instability, metabolic stress, and nutritional status may interfere with the healing stages 3 .
Although the role of nutritional supplementation on wound treatment is still unclear 4 , and the nutrients that promote proper healing are unknown, it is certain that proteins, vitamins, arginine, glutamine, iron, zinc, and selenium have significant beneficial effects on healing and the immune system 5 
.
Ascorbic acid hydroxylates the lysine and proline in protocollagen necessary for the crosslinks between collagen fibers because they maintain the prosthetic iron (cofactor) of hydroxylase enzyme in the ferrous form (reduced) while maintaining enzymatic activity. For this reason ascorbic acid is important in maintaining normal connective tissue and in healing by participating in the synthesis of the collagen matrix 6 .
Protein malnutrition is associated with poor healing by reducing fibroblast production, decreasing angiogenesis and collagen synthesis, and lowering tissue remodeling capacity 7 .
In third world countries, Protein-Energy Malnutrition (PEM) remains a common problem, but it also occurs in the richest societies and impoverished communities 7 . Additionally, PEM is associated with surgical procedures like bariatric surgery 5 . Despite recent evidence of reduced rates of protein-calorie malnutrition in Brazil, especially in the Northeast, malnutrition remains the most important endemic deficiency in our country, placing a high demand on health services and causing high mortality rates [8] [9] [10] .
The framework of malnutrition can impair the process of tissue repair, and ascorbic acid deficiency decreases fibroblast synthesis of collagen. No studies in the literature have evaluated the effect of ascorbic acid on the wound healing of malnourished rats.
This study aimed to determine the action of ascorbic acid on the healing of skin wounds in malnourished versus normal weight rats. For this study, we used 96 adult, male Wistar rats (Ratus Norvegicus albinus) weighing 200 to 250 g. The rats were separated and placed in individual small and rectangular boxes measuring 30x20x13 cm, the accommodation recommended for adult rats. The rats were kept in an air-conditioned vivarium with controlled humidity and temperature and a 12:12-hour lightdark cycle. The animals were weighed weekly until euthanized.
M E T H O D S
All animals (n=96) received the same chow (Supralab Comércio e Serviço Ltda, São Leopoldo, Brazil). Malnutrition was induced in 48 animals by feeding them 50% of the recommended daily chow for 30 days 11 , equivalent to 15 to 20 g, based on their usual daily intake 12 . Malnutrition was assessed by weighing the animals weekly. Animals with a weight loss of 15 to 20% were considered malnourished.
At experimental day thirty, incisions were made after anesthetizing the animals with 25 mg/ kg of thiopental (Syntec, United States of America) intraperitoneally 13 . After upper back shaving and antisepsis with Povidone-iodine (PVP-I [Iodopovidone] degermante 10% -Rioquímica -Rio de Janeiro, Brazil), two incisions of 1.5 cm were made along the sagittal plane 14 on either side of the backbone, using a scalpel blade 11. The right incision was sutured with mononylon 3-0 thread (Ethicon, Brazil) (healing by primary intention) and the left incision was left unsutured and exposed (healing by secondary intention). The painkiller acetaminophen was administered postoperatively at a dose of 25-75 mg/250 g of body weight orally (in the drinking water), 4/4 hours, for two days 13 .
Four malnourished animals died after the incisions were made as there was no recovery from anesthesia.
The animals were then divided into four groups: E (normal weight rats) -24 normal weight rats with free access to food and water, EVC (normal weight rats given vitamin C) -24 normal weight rats given vitamin C (Cewin drops, Sanofi Aventis Pharmaceuticals, São Paulo, Brazil) by gavage at a dose of 340 mg/kg at 12/12 hours (7:30 hours a.m. and 7:30 hours p.m.) diluted in 1 mL of 0.9% saline 15 , M (malnourished rats) -22 malnourished with free access to water and 50% of the recommended daily amount of chow, MVC (Malnourished Rats Given Vitamin C) -22 malnourished rats given vitamin C (Cewin drops, Sanofi Aventis Pharmaceuticals, São Paulo, Brazil) by gavage at a dose of 340 mg/kg at 12/12 hours (7:30 hours a.m. and 7:30 hours p.m.) diluted in 1 mL of 0.9% saline and half the recommended daily amount of chow.
Eight rats from each group were euthanized on the third (D3), seventh (D7) and fourteenth (D14) days of the experiment 16 . The animals were killed in a CO 2 chamber (Industry Seaside, São Paulo, Brazil). After euthanasia, the area containing the skin wound was removed.
We observed the following morphological parameters with their respective scores color of the wound (1 -pale pink, 2 -yellow, 3 -pale, 4 -cyanotic); wound edges (1 -without granulation, 2 -little granulation, 3 -much granulation); scab (0 -absent, 1 -small, 2 -moderate, 3 -large); scab features (1 -serous, 2 -hematic, 3 -purulent); and sensitivity, assessed by reaction to touch (1 -no pain, 2 -with pain).
At euthanasia the lesion was measured with a vernier caliper (Digimess Precision Instruments Ltd., São Paulo, Brazil).
All parameters were evaluated only at euthanasia (D3, D7, and D14), except body weight.
The specimens were fixed in 10% formalin (Cinética Indústria Química, São Paulo, Brazil) for 24 hours, embedded in paraffin (Dinâmica Reagentes Analíticos, São Paulo, Brazil), sectioned in 5 ìm sections, and stained with Hematoxylin and Eosin (HE) (Dolles, São Paulo, Brazil) and the Masson's trichrome stain (Merck, Darmstadt, Germany) for better identification of collagen fibers 17 .
Blind histological analysis was performed by a trained and experienced observer who evaluated and scored the following parameters using an optical microscope: skin reepithelialization (0 -absent, 1 -partial, 2 -total), fibrin-leukocyte scab (0 -absent, 1 -present), neovascularization (0 -absent, 1 -mild, 2 -moderate, 3 -severe), intensity of inflammatory process (0 -no inflammation, 1 -mild, 2 -moderate, 3 -severe), type of inflammatory cell (neutrophils, lymphocytes, or mixed), concentration of macrophages (0 -absent, 1 -mild, 2 -moderate, 3 -severe), concentration of fibroblasts (0 -absent, 1 -few, 2 -moderate, 3 -many) and concentration of collagen fibers (0 -absent, 1 -few , 2 -moderate, 3 -many) in the incised area.
The nonparametric Kruskal-Wallis test with contrasts using the Dunn's test were used for determining whether the variable scores differed by experimental group and day. The paired t-test compared the weights of the rats before and after. Analysis of Variance (Anova) with contrasts using the Tukey test verified whether lesion sizes differed between groups and days. The data were analyzed by the software Biostat 5.0 as described by Ayres et al. 18 with a significance level of p<0.05.
R E S U L T S
Animals in the normal weight group (E) had a mean initial weight of 220.53 g (Standard Deviation-SD=±32.85 g) and final weight of 243.54 g (SD=±23.71 g) (p=0.007). The normal weight rats given vitamin C (EVC) had a mean initial weight of 216.60 g (SD=±36.46 g) and final weight of 244.29 g (SD=±30.21 g) (p=0.0011).
The malnourished group (M) had a mean initial weight of 242.80 g (SD=±19.69 g) and final weight of 187.20 g (SD=±15.64 g) (p<0.0001) and the malnourished group given vitamin C (MVC) had a mean initial weight of 245.28 g (SD=±0.07 g) and final weight of 188.84 g (SD=±16.99 g) (p<0.0001). While the animals in groups E and EVC gained weight, the animals in groups M and MVC lost about 20% of their body weight.
Wound dehiscence did not occur in any animal. The wounds of all animals were pale pink regardless of intention or experimental day.
On day 3 the animals in the normal weight groups (given or not vitamin C) had no granulation on the wound edges of the primary and secondary intention lesions, unlike the malnourished groups (given or not vitamin C), which presented slight granulation on the wound edges of the primary and secondary intention lesions (p<0.0001). The lesions of the four groups healed by primary or secondary intention had no granulation on the edge of the lesions by days D7 and D14, respectively. (Não foi possível entender o original) Most cases (85%) had small amounts of hematic scabs on D3 and D7. On D14, only two M animals had scab on the primary intention lesion. The presence and type of scab in the primary and secondary intention lesions did not differ, regardless of experimental day and group (p>0.05).
Only two animals (groups EVC and M) experienced pain in both lesions on D3 (p>0.05).
Lesion size healed by primary intention did not differ by group on D3 and D14, but did on D7 between the groups E and EVC, E and M, and E and MVC (p<0.05). Lesion size healed by secondary intention did not differ by group on D7 and D14, but did on D3 between groups E and M (p<0.01), and B and C (p<0.05).
On day 3, only one animal in the group EVC showed any re-epithelialization of the primary intention lesion. However, on D7, most animals (87.5%), regardless of group, presented complete re-epithelialization of the wound, and epithelialization of the primary intention lesions differed by group (p=0.0197). The re-epithelialization of secondary intention lesions did not differ by experimental day or group (p>0.05) (Figures 1, 2,  and 3 ).
On day 3, all animals had fibrin-leukocyte scab on both lesions, and on D14, this was present only in the primary intention lesion of two animals of group C. Most animals in groups EVC and MCV (87.5%) no longer had fibrin-leukocyte scab on D7, while most animals in groups E and M (87.5%) did. On D7, the presence of fibrin-leukocyte scab only differed in the primary intention lesions (p=0.0093) (Figures 1, 2, and 3 ).
Only two animals (groups EVC and MVC) had no neovascularization in the primary intention wounds by D3, and four animals (three from group E and one from group M) still had slight neovascularization in their secondary intention wounds by D14. The amount of neovascularization in the primary intention lesions on D3 (p=0.0445) and D7 (p=0.0109) differed, but not on D14 (p=0.9422). The amount of neovascularization in the secondary intention lesions differed only on D3 (p=0.0009), particularly between groups E and EVC, and E and M (Figures 1, 2 and 3 ).
Only two animals (one from group E and one from M) had no inflammation in the primary intention lesions on D3. On D7, most animals (75.0%) in group EVC had no inflammation in either lesion, while most animals in the other groups (E -100.0%; M -75.0%; EVC -62.5%) had mild inflammation. On D14, only animals of group M (62.5%) still had mild inflammation in both lesions. However, healing of the primary intention lesion did not differ by day (p>0.05), and healing of the secondary intention lesion only differed on D7 (p=0.0393) (Figures 1, 2, and 3 ).
On day 3, the predominant inflammatory cell type in the lesions of all animals in all groups was neutrophils. On D7, animals of all groups, regardless of the type of lesion, presented mixed inflammatory infiltrate with polymorphonuclear and mononuclear cells (lymphocytes). On D14, lymphocytes prevailed in the inflamed lesions of the animals in group M.
On day 3 and day 14, macrophages were not present in any lesion of any animal. On D7, the concentration of macrophages in primary intention lesions (p=0.0004) and secondary intention lesions (p<0.0001) differed: while all animals in group EVC had no macrophages in either lesion, all animals in groups E and M, and most of group MVC (62.5%) had a small concentration of macrophages in both lesions. Healing by primary and secondary intention differed between groups E and EVC, EVC and M, and EVC and MVC (p<0.05).
The concentration of fibroblasts in both lesions of all animals was higher (small to moderate) on D7; and in most animals on D14 (E -100.0%; EVC -100.0%; M e MVC -87,5%). The groups differed for this parameter only on D7 for healing by primary intention (p=0.0243); and on D7 (p=0.0219) and D14 (p=0.0119) for healing by secondary intention (Figures 1, 2, 3, and 4) .
By D3, the concentration of collagen fibers had not yet increased in any group. On D7, most animals (E, EVC, and MVC -100.0%; M -87.5%) had a small or moderate amount of collagen fibers in the tissue. On D14, all animals in Group EVC and most in Group MVC (85.7%) had great concentration of collagen fibers in both lesions, while most animals from the other groups (E -62.5%; M -71.4%) had only moderate amounts. The groups differed for this parameter only on D14 for healing by primary (p=0.0001) and secondary (p<0.0001) intention (Figures 1, 2,  3 and 5 ). 
D I S C U S S I O N
The healing process in animals of group M was delayed, and vitamin C contributed to fibroblast proliferation and collagen deposition in the primary and secondary intention wounds of the animals in group MVC. However, the use of this vitamin did not affect the decrease in macrophage migration in the malnourished rats and only decreased lymphocyte migration in this group in the final stages of healing.
Healing involves several growth factors, such as Epidermal Growth Factor (EGF), TGF, VEGF, Platelet Derived Growth Factor (PDGF), Fibroblast Growth Factor (FGF), which act by stimulating the proliferation of keratinocytes, fibroblasts, and endothelial cells; and the chemotaxis of polymorphonuclear macrophages and fibroblasts 2 . Cytokines are also involved, such as Tumor Necrosis Factor (TNF), interleukins, and interferons, which activate macrophages, have chemotactic activity for polymorphonuclear cells, stimulate angiogenesis, and even inhibit fibroblast proliferation and extracellular matrix synthesis After exposure to microorganisms, chemokines, and immune complexes in the extracellular medium or after phagocytic activation, leukocytes can release oxygen free radicals 2 . These free radicals can injure the endothelium and parenchymal cells and inactivate antiproteases. However, the influence of oxygen free radicals on any inflammatory reaction depends on the balance between production and inactivation of these metabolites by cells and tissues 2 . Since ascorbic acid is an antioxidant, it could help to minimize the effects of free radicals on inflamed tissues. Oxidative damage can be further reduced by giving patients preoperatively a diet rich in proteins (e.g, glutamine and arginine) and antioxidants, especially ascorbic acid 19 .
The diary recommendation for vitamin C is 90 mg/day for males and 75 mg/day for females 20 . In the present study, we administered a daily dosage of 136 mg of vitamin C. Será que não tem algum erro nos números? Uma dose de 340 g/kg num rato de 250 g seria uma dose de 85 mg. Essa mesma dose num humano de 70 kg equivaleria a 23,8 g de vitamina C.
Malnutrition is one of the major global health problems, affects between 20 and 60% of hospitalized patients, and relates closely to higher morbidity and mortality 21 since it changes immune function and causes hypoalbuminemia, low hemoglobin, impaired healing, and more complications 22 . An experimental study feeding malnourished rats half of their chow requirement found that the animals had impaired healing, increasing mortality by 15% compared with a control group 11 .
Mild, moderate, and severe malnutrition are defined as body weight losses of 10%, 10-20%, and >20%, respectively 23 . In the present study, the animals in groups M and MVC can be classified as moderately malnourished because most of them lost about 20% of their body weight.
Both wounds healed by primary and secondary intention were beefy red/pale pink on all study days. Although malnourished patients have a higher risk of infection and wound dehiscence, this was not observed in this study. Also, very few animals experienced pain in the lesions and when they did, it was only on D3, confirming the absence of infection in the wounds.
Rats fed an extremely low-protein diet presented impaired wound contraction and delayed healing 7 . Another study that subjected rats fed diets of varied protein content to standardized musculoskeletal trauma also found low scar contraction and levels of inflammatory Revista de Nutrição http://dx.doi.org/10.1590/1415-52732014000400007 cells in animals consuming inadequate protein 24 . The same was observed in a study on oral wound healing, where rats fed a diet containing specific nutrients presented better healing clinically and histologically 25 . On D7 primary intention lesion sizes differed significantly, as did secondary intention lesion sizes on D3, regardless of nutritional status or vitamin C supplementation (p>0.05). Likewise, scab and hematic type occurred only on D3 and D7 regardless of group, corroborating the abovementioned data on adequate wound retraction. On D3, no animal had wound re-epithelialization, but on D14, all of them did. On D7, most animals had complete re-epithelialization and some partial, with statistical difference only for healing by primary intention regardless of nutritional status or vitamin C supplementation, a finding that disagrees with the literature In this study, the absence of infection in addition to the absence of purulent scab may have contributed to proper wound contraction and re-epithelialization.
Studies indicate that vitamin C associated with pantothenic acid and protein is important for patients with pressure ulcers and poor surgical wound healing 26 . Topical use of ascorbic acid in rats decreases the number of macrophages, increasing the amount of fibroblasts and promoting collagen deposition and wound organization, which results in better tissue repair and shorter healing time 16 .
Healing is divided into an inflammatory, a proliferative, and a remodeling phase. In the inflammatory phase, there is an increase in capillary permeability that allows the migration of specific cells to the wound, such as neutrophils (6 to 48 hours), macrophages (72 hours), and lymphocytes (5 days) 2 . In this study, we observed the expected pattern of inflammatory cells during the healing process. Both wounds healed by primary and secondary intention had a predominance of neutrophils on D3 and mixed inflammatory infiltrate (neutrophils and lymphocytes) on D7; only group M still had lymphocytes in both lesions on D14. This suggests that vitamin C in malnourished rats (Group MVC) may have contributed to the absence of lymphocytes on D14. Although vitamin C was given orally, our results agree with those of Lima et al. 16 , who found an anti-inflammatory effect of topical vitamin C. On D7, unlike most animals in Group EVC, most animals had inflammatory infiltrate. This datum shows that vitamin C decreases inflammation intensity in normal weight animals sooner than in malnourished ones, probably by decreasing inflammatory cell migration. Moreover, vitamin C promoted the absence of fibrin-leukocyte scab in healing by primary intention; on D7 most animals in groups EVC and MVC no longer had this scab, contrary to most animals in groups E and M (p<0.05).
Macrophages were present on D7, but absent on D3 and D14. However, vitamin C decreased macrophage migration only in the normal weight groups, corroborating the literature 16 . These groups also did not have macrophages on D7, unlike the malnourished groups. These data indicates that vitamin C does not reduce macrophage migration in malnourished animals.
The proliferative phase occurs 3 to 7 days after surgery, characterized by high vascular proliferation (angiogenesis) and fibroblast levels 2 .
Microscopically on D3, all animals presented neovascularization, and most animals in Group E, like those in group MVC, presented moderate neovascularization. No normal weight animal (groups E and EVC) had granulation in the wound edges of either lesion, while all malnourished animals (groups M and MVC) did (p<0.05). Neovascularization is the granulation present at wound edges and bed of scarred tissue 2 . The intensity of neovascularization differed between groups E and EVC in healing by primary intention on D3 and D7, and between groups E and EVC and E and M in healing by secondary intention on D3, expectedly showing that neither vitamin C nor malnutrition influenced this parameter. This Revista de Nutrição http://dx.doi.org/10.1590/ shows that the influence of malnutrition on healing cannot be related to neovascularization.
Fibroblasts produce ground substance (composed of glycosaminoglycans, fibronectin, and hyaluronic acid) and collagen, which will reconstitute the destroyed tissue 6 . The number of fibroblasts increased on D7: most of group E, all of group EVC, half of group MVC, but only a few in group M (p<0.05) had a moderate amount of fibroblasts in the lesion healed by primary intention. On D14, all animals in group E had few fibroblasts, some of group EVC had some fibroblasts, most of group MVC had few to some fibroblasts, and most of group C did not have fibroblasts (p<0.05). With respect to healing by secondary intention, most animals in groups E, EVC, and MVC had moderate amounts of fibroblasts, while animals in group M had a slight increase on D7 (p<0.05). On D14, most animals in group EVC and some in group E had a moderate amount of fibroblasts (p<0.05). These data show that vitamin C increases the proliferation of fibroblasts in the tissue of even malnourished animals, which may improve wound healing but at different rates depending on intention.
Deposition, clustering, and remodeling of collagen tissue and endothelial regression occur on the third stage of healing, called remodeling. The collagen tissue is present in the form of long fibrils. After many substances are placed disorderly on the scar, including collagen, the wound is restructured, or ordered. More fibroblasts and collagen fibers appear in the lesion 27 . Ascorbic acid is important in this process because hydroxylases do not function in its absence and consequently, hydroxyproline, hydroxylysine, and collagen are not formed 27 . Collagen fibers increased from D7, as expected. All animals in group EVC and most in group MVC had high levels of collagen fibers in both lesions on D14, unlike the animals without vitamin C supplementation, which had only moderate levels (p<0.05) Thus, even in malnourished rats, vitamin C can increase collagen deposition and improve the healing process.
C O N C L U S I O N
In conclusion, vitamin C increases fibroblast proliferation and collagen deposition and reduces lymphocyte migration in the final stages of healing, speeding the healing of primary and secondary intention wounds regardless of nutritional status. However, early inflammation and macrophage migration subsidence only occur in normal weight animals. 
R E F E R E N C E S
